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INTRODUCTION 

(c)  This  is  the  first  of  several  collections  of  various  types  of 
digital  data  obtained  by  the  Signal  Physics  Division  of  Applied 
Research  Laboratories  (ARL).  Future  data  will  not  be  restricted  to 
echoes  but  will  also  contain  collections  of  reverberation  data. 


The  digitized  echoes  were  generated  by  the  ASPECT  (Acoustical 
Short  Pulse  Echo  Classification  Technique)  mode  of  the  AN/SQS-23  sonar. 
Echoes  from  targets  corresponding  to  three  target  aspect  angles  are 
presented.  This  set  of  data  should  prove  valuable  to  those  persons 
doing  research  in  signal  processing  since  use  of  the  digital  computer 
now  has  a prominent  role  in  this  field.  The  data  are  readily  avail- 
able since  they  are  stored  on  ARL's  digital  tapes  which  can  be  easily 
duplicated.  Detailed  records  of  these  signals  are  included.  These 
records  provide  information  pertaining  to  the  transmit  signals,  target 
geometry,  digitizing  technique,  etc. 

(C)  Since  the  echoes  were  generated  by  the  ASPECT  transmission  mode, 
a high  data  rate  of  information  from  the  target  is  available  in  that 
the  pulses  within  a burst  of  transmitted  waveforms  are  separated  by 
only  375  msec.  Figure  1 is  a schematic  drawing  of  the  ASPECT  mode. 

Here  is  shown  a^et  of  12  submarine  echoes  generated  by  a burst  of 
12  short  pulses.  \ 

(U-FOUO)  Two  types  of  sampling  were  used  in  digitizing  these  data. 

Direct  sampling  refers  to  sampling  the  echo  waveform,  assumed  to  be 
narrow  band  with  center  frequency  fQ  and  bandwidth  W,  at  the  rate  of 
4fQ.  Quadrature  sampling  refers  to  a sampling  technique  with  which 
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(U-FOUO)  the  quadrature  components  of  the  signal  are  obtained  directly  (Ref.  l). 
If  the  echo  y(t)  is  written  in  the  form 

y(t)  = X(t)  cos  2jrfot  + Y(t)  sin  2?rfot  , 

then  X(t)  and  Y(t)  are  called  the  quadrature  components  of  the 
echo  y(t).  All  information,  other  than  the  carrier  frequency  f , con- 
cerning y(t)  is  contained  in  X(t)  and  Y(t).  Since  these  functions 
are  bandlimited  to  the  interval 


they  are  of  much  lower  frequency  than  y(t)  and  hence  the  required 
sampling  rate  is  lower. 

(C)  These  data  were  obtained  originally  in  analog  form  by  ARL 

personnel  in  September  1965.  Conversion  from  analog  to  digital  format 
occurred  during  the  past  two  years  as  specific  research  needs  for  the 
data  arose.  One  example  of  the  usefulness  of  such  a data  collection 
can  be  seen  in  an  ARL  report  on  echo-echo  correlation  characteristics 
(Ref.  2).  The  beam  aspect  echoes  display  a considerable  variation 
in  the  envelope  structure  from  echo  to  echo.  It  would  be  of  interest 
to  know  the  statistical  characteristics  of  this  variation.  Some 
important  questions  that  should  be  investigated  are:  Is  the  varia- 

tion purely  random  or  does  it  have  a deterministic  nature?  What  is 
the  source  of  this  variation?  Why  do  the  beam  aspect  data  display  a 
much  lower  consistency  than  do  the  bow  or  stern  data?  Would  non- 
submarine targets  with  submarine -like  geometry  exhibit  similar 
variations  in  envelope  structure?  Accurate  determination  of  the 
epoch  of  these  echoes  is  another  area  of  research.  This  problem  is 
discussed  briefly  in  this  memorandum,  but  no  attempt  was  made  to 
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(c)  attack  it  in  any  persistent  effort.  Highlight  structure  of  the 
echoes  merits  attention.  Of  particular  interest  is  again  the  team 
aspect  data  since  here  can  be  seen  the  decrease  in  range  resolution 
as  the  transmit  pulse  length  increases  from  1 to  2 to  5 msec.  These 
are  only  a very  few  of  the  questions  or  problems  concerned  with  these 
data  that  are  open  to  investigation. 

(U-FOUO)  Each  echo  is  represented  by  a plot  of  its  envelope.  A small 
interval  precedes  the  beginning  of  the  echo  epoch  and  a similar 
interval  follows  the  end  of  the  epoch.  Epoch  was  determined  by 
measuring  the  time  occurrence  of  the  50%  level  of  some  consistent 
or  repeatable  feature  of  the  envelope.  Repeatable  refers  here  to 
consistency  from  echo  to  echo,  and  not  to  within  one  echo.  The  set 
was  then  "aligned”  using  these  threshold  points  to  form  a common  time 
or  phase  among  the  echoes.  An  ensemble  average  of  the  aligned  enve- 
lopes was  then  computed  and  plotted.  The  average  of  several  noise 
envelopes  will  tend  to  a constant  level,  with  respect  to  time  (provided 
the  noise  process  is  locally  stationary).  Whenever  the  echo  is  present 
in  the  set,  a time  variation  in  the  average  envelope  occurs  and  the 
epoch  can  be  approximated.  The  accuracy  of  this  technique  increases 
as  the  signal-to-noise  ratio  increases. 


(U-FOUO)  The  envelope  was  chosen  to  determine  the  epoch  since  it  is  a more 
slowly  varying  time  function  than  is  the  high  frequency  waveform  which 
we  refer  to  as  the  amplitude.  The  uncertainty  inherent  in  a finite 
sampling  rate  would  cause  the  computed  average  amplitude  to  mistakenly 
tend  to  zero.  Accurate  calculation  of  epoch  is  hampered  by  any  noise 
present.  Also  averaging  over  a finite  number  of  echoes  produces  an 
error  in  the  computation  of  epoch.  An  optimum  determination  of  epoch 
was  not  attempted.  The  averaging  technique  was  used  because  of  its 
simplicity  and  ease  of  execution.  However,  the  interval  preceding 
and  following  each  echo  does  allow  for  error  in  calculated  epoch. 
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(U-FOUO)  The  data  are  presented  in  three  sections  corresponding  to  beam, 
stern,  arid  bow  aspect  submarine  targets.  At  the  beginning  of  each 
section  is  a brief  description  of  the  data  and  associated  plots, 
digitizing  techniques,  etc. 

A.  Beam  Aspect  Submarine  Echoes 

(C)  The  collection  of  beam  aspect  submarine  echoes  is  divided 

into  two  groups,  A and  B.  Group  A refers  to  data  collected  on 
• 15  November  1965,  while  the  data  in  Group  B was  collected  on  16  Novem- 

ber 1965.  The  echoes  of  Group  A were  generated  by  1 and  2 msec 
transmit  pulses  and  the  echoes  of  Group  B by  1,  2,  and  5 msec  transmit 
pulses. 


1.  Group  A:  1 and  2 msec  Transmit  Pulses 


(c)  Group  A consists  of  two  parts  corresponding  to  transmit 

pulse  lengths  of  1 and  2 msec.  The  transmit  pulse  is  a cw  waveform  of 
frequency  5 kHz.  The  data  were  sampled  in  quadrature,  each  component 
being  sampled  with  a rate  of  25OO  samples  per  second.  Each  burst  of 
12  transmit  signals  results  in  a set  of  12  echoes. 

(c)  The  digitized  data  are  stored  on  AKL  computer  tape  649. 

Each  record  on  this  tape  corresponds  to  an  entire  set  of  12  echoes. 
Therefore,  associated  with  each  record  are  12  pairs  of  numbers  each 
of  which  give  the  beginning  (IFRQM)  and  end  (ITO)  of  the  12  envelope 
plots.  The  odd  record  numbers  in  each  pair  correspond  to  the  X com- 
ponents and  the  even  record  numbers  to  the  Y components. 

(C)  The  destroyer  and  submarine  maintained  approximately 

parallel  courses,  each  with  a speed  of  4 kt.  The  target  aspect  was 
84  deg  from  stern.  The  range  was  4000  yd. 
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(U-FOUO)  Corresponding  to  the  2 msec  transmit  pulse  there  are 

l8  echo  sets,  each  set  containing  12  echoes.  Each  plotted  echo  is 
120  samples  long.  Therefore,  each  plot  corresponds  to  approximately 
48  msec  since  the  sample  rate  was  2500  (sec)  \ In  Tables  I,  II,  and 
III  the  IFROM  and  ITO  of  the  plot  of  the  first  echo  in  each  set  is 
listed.  The  IFROMs  and  ITOs  of  the  remaining  11  echoes  in  each  set 
can  be  calculated  from  the  formulas 

( IFROM )n  = (IFR0M)1  + (n-l)(956)  , 


and 


(lT0)n  = (IT0)l  + (n-l)(936) 
for  n = 1,  2,  ...,  11,  12. 

(U-FOUO)  As  an  example,  the  IFROM  and  ITO  of  the  first  plot  of 

the  third  set  are  580  and  700,  respectively.  The  IFROM  and  ITO  of 
the  fifth  plot  of  this  set  are 

( IFROM)  = 580  + (5-1) (956) 

= 4324 


and 


(ITO)^  = 700  + (5-1) (936) 


= 4444  , 


respectively. 
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Following  these  tables  are  Figs.  2 through  7 which 
contain  the  individual  echo  plots.  Each  column  of  12  plots  represents 
a set  of  12  echoes  resulting  from  a hurst  of  12  transmitted  signals. 
Below  each  column  are  three  numbers  written  in  the  form  *(m,n).  The 
integer  i denotes  the  particular  set  of  12  echoes,  and  m and  n are 
record  numbers  (computer  tape  649)  corresponding,  respectively,  to 
the  X and  Y quadrature  components.  There  are  l8  echo  sets  corre- 
sponding to  the  2 msec  transmitted  signal.  Therefore  l,  in  Figs.  2 
through  7,  varies  from  1 to  l8.  Similarly  the  echo  sets  resulting 
from  the  1 msec  transmitted  signals  are  described  by  Tables  II  and  III 
and  Figs.  8 through  24. 


0 The  plots  corresponding  to  the  1 msec  transmit  pulses 
are  90  samples  (=  36  msec)  long.  The  calculation  of  IFROMs  and  ITOs 
for  these  plots  is  identical  to  that  of  the  2 msec  data. 
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TABLE  I 

Group  A:  2 msec  Transmit  Pulse  (u) 


Set  No. 

IFRQM 

ITO 

1 

6l4 

734 

2 

617 

737 

5 

580 

760 

4 

517 

637 

5 

515 

635 

6 

518 

658 

7 

520 

64o 

8 

526 

648 

9 

527 

647 

10 

531 

651 

11 

529 

649 

12 

531 

651 

13 

534 

654 

14 

536 

656 

15 

535 

655 

16 

543 

665 

17 

551 

671 

18 

560 

680 
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M7,8)  5(9,10)  6(11,12) 

FIGURE  3 

81+  deg  BEAM  ASPECT:  2 msec  TRANSMIT  PULSE  (U) 
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1(37,38)  2(39,1*0)  3(1*1, 1*2) 

FIGURE  8 

84  deg  BEAM  ASPECT:  1 msec  TRANSMIT  PULSE  (U) 
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k(  1+3  ,bh)  5 ( 1+5 ,1+6)  6(1+7, 1+8) 

FIGURE  9 

8U  deg  BEAM  ASPECT:  1 msec  TRANSMIT  PULSE  (U) 
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10(55,56)  11(57,58)  12(59,60) 

FIGURE  11 

84  deg  BEAM  ASPECT:  1 msec  TRANSMIT  PULSE  (U) 


13(61,62)  1U(63,6U)  15(65,66) 

FIGURE  12 

8h  deg  BEAM  ASPECT:  1 msec  TRANSMIT  PULSE  (u) 
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25(85,86)  26(87,88)  27(89,90) 

FIGURE  16 

8b  deg  BEAM  ASPECT:  1 msec  TRANSMIT  PULSE  (u) 
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37(109,110)  38(111,112)  39(113,11U) 

FIGURE  20 

8U  deg  BEAM  ASPECT:  1 msec  TRANSMIT  PULSE  (u) 
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1+6(127,128)  1+7(129,130)  1+8(131,132) 

FIGURE  23 

81+  deg  BEAM  ASPECT:  1 msec  TRANSMIT  PULSE  (U) 
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1*9(133,131*)  50(135,136)  51(137,138) 

FIGURE  2U 

81*  deg  BEAM  ASPECT:  1 msec  TRANSMIT  PULSE  (U) 
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2.  Group  B;  1,  2,  and  $ msec  Transmit  Pulse 

(C)  The  echoes  of  Group  B are  from  a submarine  having  a 

target  aspect  angle  of  77  deg  relative  to  stern.  The  destroyer  and 
submarine  had  parallel  courses,  a range  of  39 00  yd,  and  speeds  of 
3 kt  each. 

(C)  The  analog  data  were  sampled  directly  with  a sampling 

rate  of  4f = 20,000  samples  per  second.  The  digital  data  are  stored 
on  ARL  computer  tape  646.  Each  record,  which  contains  one  echo,  on 
tape  646  is  3000  samples  long.  The  computer  plots  are  1000  samples  = 
50  msec  long.  Tables  IV,  V,  VI,  and  VII  list  the  first  sample  number 
of  each  plot  (IFROM).  The  last  sample  number  of  each  plot  (IT0)  is 

obtained  by  adding  1000  to  that  plot's  IFROM.  For  example  the  plot  of 

the  third  echo  of  Echo  Set  1 has  an  IFROM  of  l804  and  an  IT0  of 
l8o4  + 1000  = 2804.  Also  these  data  are  from  record  3 (Rec.  No.  3)  of 
ARL  computer  tape  646.  As  another  example,  note  that  the  sixth  echo 
of  Set  3 is  found  in  record  31  of  tape  646.  The  IFROM  and  I TO  of 
the  corresponding  plot  are  1348  and  2348,  respectively.  The  first 
five  sets  of  echoes  (Sets  1,  2,  3>  4,  and  5)  correspond  to  the  1 msec 

transmit  pulse,  the  second  five  sets  (Sets  6,  7>  8,  9>  and  10)  to 

the  2 msec  transmit  pulse,  and  the  last  five  sets  (Sets  11,  12,  13, 
l4,  and  15)  to  the  5 msec  transmit  pulse.  The  plots  are  given  in 
Figs.  25  through  29. 
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B.  Stern  Aspect  Submarine  Echoes:  5 msec  Transmit  Pulse 

(c)  This  collection  of  data  was  generated  by  a submarine  with 

an  aspect  of  20  deg  relative  to  stern.  The  transmit  pulse  length 
was  5 msec.  The  analog  echoes  were  sampled  directly  with  a sampling 
rate  of  4f^  --  20  kHz.  Nine  echo  sets,  each  set  containing  12  echoes, 
are  plotted  and  the  IFROMs  and  ITOs  of  these  plots  are  listed  in 
Tables  VIII,  IX,  and  X.  These  data  can  be  found  on  ARL  computer  tape  648. 
Each  record  of  this  tape  is  4000  samples  long  and  contains  one  echo. 

The  epoch  of  the  echo  was  estimated  to  be  24-40  samples  =122  msec  long. 

The  following  plots  contain  a 100-sample  interval  preceding  the 
beginning  of  the  echo  and  a 100-sample  interval  following  the  echo. 

Thus  each  plot  has  a length  of  2440  + 200  = 2640  samples  = 132  msec . 
Figures  30  through  32  give  the  individual  echo  plots. 
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FIGURE  30 

20  deg  STERN  ASPECT:  5 msec  TRANSMIT  PULSE  (U) 
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C . Bov  Aspect  Submarine  Echoes:  1 msec  Transmit  Pulse 

(c)  This  is  a collection  of  11  sets  of  "bow  aspect  echoes.  Each 

set  contains  12  echoes.  The  transmit  pulse  length  was  1 msec.  The 
quadrature  components  of  the  analog  data  were  digitized,  each  component 
"being  sampled  at  a rate  of  2500  samples  per  second.  The  range  of  the 
target  was  4000  yd,  although  the  exact  target  geometry  that  produced 
these  data  is  unknown.  However,  it  is  very  likely  that  the  destroyer 
and  submarine  had  a target  aspect,  as  estimated  from  the  echo  epoch, 
of  about  20  deg  relative  to  bow. 

(U-FOUO)  Table  XI  gives  the  IFROM  and  ITO  of  the  first  plot  of  each 

set  of  12  echoes.  The  (IFROM)^  of  the  echo  of  a set  is  given  by 

(lFR0M)n  = IFROM  + (n-l)(9*+3) 

Similarly  the  corresponding  (ITO)^  is  given  by 

(lT0)n  = ITO  + (n-l)(943) 

Thus  the  IFROM  and  ITO  of  the  eighth  echo  of  the  fifth  echo  set  is 


( IFROM) Q = 1615  + (8-1) (943) 


= 8116 


and 


(iTO)g  = 1935  + (8-1) (943) 

= 8436 

Each  plot  is  320  samples  = 128  msec  in  length.  The  12  sets,  each  set 
containing  12  echoes,  are  shown  in  Figs.  33  through  36. 

CONFIDENTIAL 


* 


t T 


CONFIDENTIAL 


TABLE  XI 

Bow  Aspect:  Computer  Plots'  IFROM,  ITO  (u) 


. No. 

IFROM 

ITO 

1 

1600 

1920 

2 

1598 

1918 

3 

1601 

1921 

4 

1610 

1930 

5 

1615 

1935 

6 

1619 

1939 

7 

1626 

19^6 

8 

1633 

1953 

9 

1640 

I960 

10 

1644 

1964 

11 

1646 

1966 
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